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Largemouth bass (LMB), Miropten salmoides, were taken from theEscambia River (contami-
nated site) andtheBlackwater River (referencesite) near Pensacola, Florida. The Escambia River
collection occurred downstreain ofthe effluent from two identified point sources ofpollution.
These point sources included a coal-fired electric power plant and a chemical company.
Conversely, the Blackwater Rivees headwaters and most ofits length flowwithin a state park
Although thereissomedevelopmentonthe lowerpartofthe Blackwater River, fshwere collect-
ed in the more pristine upper regions. Fish were captured by elecrohoclcing and were main-
ia'ined in aerated coolers. Physical measurements were obtained, blood was taken, andliverand
gonadswere removed. 1MB plasma w s d forthe concentration of 17-estradiol (E) and
testosteroneusingvalidatedradioimnay. The presence of telloninwasdeermined by
gel elecphoresis (SDS-PAIE) and Western blotting using a mono al antibody validated
fr largemouth bas vi nin. No diffrences inps concentratiosm ofE; or testosterone
we observed ial m he two sites. Similarf m ales xhibited no difference in plasma
E2. However, plasma testserone wa lower in the males from the site, as com-
pared to the reference site. Vitellogenic males occurred only at the contaminated site.
Addinally, iver masswasProportionatelyhigher inmales from the co nated site, as com-
pared to males from the ne site. hese data suggest that reproductive steroid levels may
bay been altered by increased hepatic enzyme acivity, and the ce ofviteliogenic males
indicates that an er so ofestogen was present in the Esbia River. ICy work
endocrine disrupting chemicals, hepatic detoxification mes hepatosomatic index, steroido-
genesi,vitellogenin nvironHealb Peect 107:199-204 (1999). [Online29January 1999]
hatp://ehpnnl h.nihsgo f l wdoc/999/107p199-204orlando/abstrhthml
Certain environmental contaminants can
alter the reproductive physiology, growth,
and development ofvertebrates by disrupting
the normal functioning ofthe endocrine sys-
tem (1). Such environmental contaminants
have been called endocrine disrupting chemi-
cals (EDCs). Examples of EDCs in fish
indude naturally occurring phytoestrogens or
phytoandrogens as well as pesticides from
agricultural runoff, heavy metals, halogenated
aromatic hydrocarbons, and alkylphenol
ethoxylates from industrial effluent (2).
Fish exposed to heavy metals such as
aluminum, cadmium, and lead have shown
alterations in their hormonal milieu.
Exposure to aluminum caused an increase
in the plasma concentrations ofthe thyroid
hormones triiodothyronine (T3) and thy-
roxine (T4), whereas exposure to cadmium
and lead caused increased in vitro concen-
trations of 17,-estradiol (E2) and testos-
terone (2-4). Some pesticides, such as
malathion and endosulfan, decrease plasma
E2, testostorone and vitellogenin (Vtg), as
well as inhibit germinal vesicle breakdown
and spawning in fish (5,6). Other pesti-
cides, for example, o,p'-DDT and o,p'-
DDE, were shown to act as estrogen mim-
ics, inducing Vtgproduction (7,8).
Exposure to halogenated aromatic
hydrocarbons (HAHs), such as the poly-
chlorinated biphenyl (PCB) mixture
Arochlor 1254, decreases steroidogenesis
and increases hepatic enzyme activity in fish
(). Similar studies have shown decreases in
fertilization and hatching success of fish
exposed in thewild to PCBs (10).
Exposure to polychlorinated dibenzofu-
rans (PCDFs), tetrachlorodibenzodioxin
(TCDD), or 3-methylcholanthrene decreased
Vtg production, increased hepatic detoxifying
enzyme synthesis, and decreased plasma hor-
mone concentrations ofT3 and T4 in some
fish(5,11,14.
Fish exposed to effluent mixtures from
sewage plants and paper mills have exhibit-
ed a range of alterations to their reproduc-
tive physiology. Exposure to sewage effluent
induced Vtg production in male fish,
increased liver size, decreased plasma testos-
terone, and inhibited testicular growth
(13-16). Fish exposed to paper mill effluent
showed reduced concentrations of steroid
hormones, elevated hepatic detoxifying
enzyme synthesis, and reduced egg and
gonad sizes (17-19).
Many of the aforementioned studies
were on nonnative fish collected from the
wild or farm-reared fish exposed via cages in
situ. Other studies used farm-reared fish
and exposed them to contaminants in cap-
tivity. These studies evoked the following
question: Are there measurable differences
in the reproductive physiology of native,
wild, adult fish, such as the largemouth
bass, Micropterus salmoides, living in a pol-
luted and a relatively pristine river in
Florida? This initial study addresses this
question by comparing liver size, plasma
concentrations of reproductive steroid hor-
mones, and the presence ofVtg in the plas-
ma oflargemouth bass from these rivers.
Materials and Methods
Fish. Seventy adult largemouth bass (LMB),
Micropterus salmoides, were captured from
the Escambia and Blackwater rivers near
Pensacola, Florida (Fig. 1). In the Escambia
River, we collected fish immediately down-
stream of the Crist Electric Generating
Plant (a coal-fired electric utility) and the
Monsanto Company (a nylon fiber and
chemical intermediates manufacturing
plant). Of the total, 26 females and 15
males came from the Escambia River and
13 females and 16 males were collected
from the Blackwater River. The LMB were
collected between 28 February and 7 March
1996. Fish were taken by electroshocking,
using a boat-mounted generator and invert-
er (20). The electrical output parameters of
the inverter were approximately 200 volts, 5
amps, and 55% pulse whip using alternat-
ing or pulsed direct current, based on the
conductivity ofthe water.
Afterelectroshocking, LMB were removed
from the water with hand dip-nets and trans-
ferred to aerated and insulated holding tanks.
Fish were transported to the Environmental
Protection Agency Laboratory, Gulf Breeze,
Florida, where somatic measurements were
taken, bloodwascollected, and tissues excised.
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Figure 1. Map showing the two collection sites in Florida. The Blackwater River was the reference site
and the Escambia River was the contaminated site.
Standard length and total mass of each
fish were recorded, with means ± standard
errors (SE) as follows: Escambia River
females, 234 ± 11 mm and 312 ± 41 g;
males, 222 ± 14 mm and 303 ± 42 g;
Blackwater River females, 291 ± 22 mm
and 779 ± 166 g; and males, 275 ± 8 mm
and 544 ± 49 g. Fish were anesthetized
using MS-222 (50 ppm; Sigma Chemical
Company, St. Louis, MO) and blood sam-
ples were taken. Fish were euthanized by
decapitation and then gonads and liver
were removed. Immediately after the mass
ofthese tissues were obtained, a small slice
of liver was snap frozen in liquid nitrogen
and the rest of the liver and gonads were
placed in Bouin's fixative (21).
All lab work was conducted in full
compliance with the guidelines of the
University of Florida Institutional Animal
Care and Use Committee. Fieldwork was
conducted under permit from the Florida
Game and Freshwater Fish Commission.
Radioimmunoassays. Plasma concentra-
tions of E2 and testosterone were measured
using a radioimmunoassay (RIA) validated
for LMB. The RIA protocol followed here is
a modification ofthe protocol described else-
where (22). Antibodies to E2 (stock # E26-
47) and testosterone (stock # TS-125) were
obtained from Endocrine Sciences,
Calabasas, California. Cross-reactivity of the
E2 antibody was as follows: estrone, 1.3%;
estriol, 0.6%; 16-keto-estriol, 0.2%; all other
ligands tested, <0.2%. For the testosterone
antibody, the cross-reactivity was as follows:
dihydrotestosterone, 44%; A-testosterone,
41%; A-1-dihydrotestosterone, 18%; 5 (x-
androstan-3r,17,B-diol, 3%; 4-androsten-
3j,17p-diol, 1.5%; E 0 5%; all other lig-
ands tested, <0.2%. 3H-E2 and 3H-testos-
terone were purchased from Amersham Life
Sciences, Inc., Arlington Heights, Illinois. E2
and testosterone standards were bought from
Sigma Chemical Company. All other assay
constituents were ordered from Becton
Dickinson, Franklin Lakes, NewJersey.
From each LMB, blood was drawn
from the caudal vein and placed into
heparinized Vacutainer tubes (Becton
Dickinson) into which aprotinin (2.52
TIU/ml blood; Sigma Chemical Company)
was added to prevent proteolysis of the
vitellogenin. Blood samples were placed on
ice (for less than 6 hr) before centrifugation
for 20 min at 2,000g. Plasma was removed,
snap frozen in liquid nitrogen, and stored at
-80°C until assayed for steroid hormones.
Plasma samples (100 pl for E2 and 75
,ul for testosterone) were extracted twice
using 5 ml ethyl ether. Ether was vaporized
under a stream of filtered, low-humidity
air. The samples were resuspended with
100 1l 0.5 M borate buffer (pH 8.0); then
200 pl antibody, 100 il bovine serum
albumen borate buffer, and 100 il 3H-hor-
mone were added. Antibody final dilutions
were 1:55,000 for E2 and 1:36,000 for
testosterone. Final sample volume was 500
pl, and all assay tubes were run in dupli-
cate. E2 and testosterone concentrations of
1.5625, 3.125, 6.25, 12.5, 25, 50, 100,
200, 400, and 800 pg/tube constituted the
standard curves.
Samples were incubated overnight at
4°C; 500 .il 5% charcoal/0.5% dex-
tran/0.5M phosphate-buffered saline (PBS)
mixture was then added to separate the
bound from free hormone. The tubes were
vortexed and centrifuged at 2000g for 30
min. Following centrifugation, the super-
natant containing the bound hormone was
decanted. Fisher ScintiVerse BD scintilla-
tion cocktail (5 ml; Fisher Chemical
Company) was added and the samples were
counted on a Beckman scintillation counter,
model LS 5801 (Beckman Instruments,
Irvine, CA).
Extraction efficiencies were 95.13% for
E2 and 99.89% for testosterone. Assays
were validated by running an internal stan-
dard curve and a plasma dilution curve on
pooled LMB plasma and comparing them
to the assay standard curve. For the inter-
nal standard curve, 1.0625, 3.125, 6.25,
12.5, 25, 50, 100, 200, 400, and 800 pg of
hormone standard was combined with 100
pl stripped plasma. Different volumes, 100,
80, 60, 40, 20, and 0 pl, ofstrippedplasma
were combined with 0, 20, 40, 60, 80, and
100 pl, respectively, of pooled plasma to
make the plasma dilution curve. Both
internal standards and plasma dilution
curves were assayed as described above.
Parallelism between the internal standards,
plasma dilutions, and the assay standard
curves was tested using homogeneity of
slopes (SuperANOVA, Abacus Concepts,
Berkeley, CA).
Gel electophoresis and Western blotting.
The yolk protein precursor Vtg was detected
in the plasma ofLMB using sodium dodecyl
sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blotting. For
both techniques, unless stated otherwise, all
assay chemicals were purchased from Fisher
Chemical Company. The Vtg monoclonal
antibody [mcAb HL 1080 (1C8-3C11), val-
idated for LMB Vtg (23)] was characterized
in the laboratory of Nancy Denslow
(Protein Chemistry Core Laboratory,
Interdisciplinary Center for Biotechnology
Research, University ofFlorida).
LMB plasma proteins were separated
using an 8% Tris-glycine SDS-PAGE fol-
lowing a modified protocol (24,25).
Molecularweight markers and LMB plasma
samples were diluted with Laemmli sample
buffer (1:1 and 1:9 ratios, respectively).
Rainbow Colored Protein Molecular
Weight Markers (7 pl; Amersham) and 10
gl ofLMB plasma samples were loaded into
the gels in duplicate. Gels were run at 50
volts DC for 25 min and then at 120 volts
for approximately 90 min at room tempera-
ture. One gel was stained with Coomassie
Brilliant Blue (R250) for 45 min and
destained overnight at room temperature.
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The other gel was used for identification of
the Vtg protein band byWestern blotting.
For Western blotting, the protein bands
were transblotted to a polyvinyldienedifluo-
ride (PVDF) membrane (Immobilon-P,
Millipore Corp., Bedford, MA). Protein
transfer was performed at 20 volts overnight
at 40C. The membrane was blocked to pre-
vent nonspecific binding with 5% Blotto
[25 g dry milk, 500 ml Tris-buffered
Tween-20 (TTBS), 0.1g NaN3] for 1 hr at
room temperature. The membrane was
then incubated overnight at 4°C with the
primary antibody, mcAb HL 1080 (1C8-
3C11), diluted (1:1) in 5% Blotto. After
washing the membrane in TTBS, it was
probed with secondary antibody (goat IgG,
antimouse linked to alkaline phosphatase;
Bio-Rad Laboratories, Richmond, CA)
diluted in 5% Blotto (1:3000) for 2 hr at
room temperature. The membrane was
again washed in TTBS. Plasma Vtg was
visualized by adding the chromogens, bro-
mochloroindolyl phosphate, and nitro-blue
tetrazolium chloride to the membrane (50
mg/ml each). LMB Vtg was detected by
observation of a dense band at approxi-
mately 200 kDa.
Statistics. The gonadosomatic index
(GSI, gonad mass/total body mass x 100)
and the hepatosomatic index (HSI, liver
mass/total body mass x 100) data were ana-
lyzed using a two-sample t-test. Robustness
of the t-test was invoked for the assump-
tions of normal distribution and homo-
geneity ofvariance (26).
To control for differences in steroido-
genic capability of fish of different sizes,
plasma concentration ofE2 and testosterone
were analyzed using a one-way analysis of
covariance (ANCOVA), with total body
mass as the covariant. Heterogeneity of
variance was corrected by log transforming
the data (26).
The Fisher's exact test was chosen to
analyze the data for the presence of circu-
lating Vtg. A chi-square test could be used
to analyze this type of nominal value, but
since less than 80% of the expected values
had n <5, the Fisher's exact test was the
appropriate choice (26,27).
All data are reported as the mean ± one
SE, and significance was determined at
p<0.05. All reported values are nontrans-
formed data.
Results
There was no difference in the GSI for
females [F = 0.055, degrees of freedom
(df) = 1,33; p<0.82) or males (F= 0.01; df
= 1,24; p<0.94) between sites. The GSIs
for females from the contaminated and ref-
erence sites were 1.69 ± 0.35 and 1.56 ±
0.39, respectively, whereas the GSIs were
0.28 ± 0.05 for contaminated males and
0.29 ± 0.03 for reference males.
There was no evidence to indicate a dif-
ference in the HSI between sites for
females (F= 0.02; df= 1,36; p<O.88).
However, the males from the contaminated
site had a larger HSI when compared to the
reference site males (F= 11.22; df= 1,29;
p<0.002) (Fig. 2).
Plasma concentrations of the steroid
hormones E2 (F= 0.21; df= 1,31; p<O.65)
and testosterone (F= 0.04; df= 1,22;
p<0.85) did not differ for females between
sites (Fig. 3 and 4, respectively). However,
it is interesting to note the relatively small
sample size and large variance in the female
plasma testosterone concentrations (Fig. 4).
There was no statistical difference in
plasma E2 concentrations in males (F =
0.68, df= 1,15; p<0.68) between sites (Fig.
3). There was a difference, however, in the
concentration of plasma testosterone in
males (F= 14.34; df= 1,22; p<0.001).
Males from the contaminated site had sig-
nificandy lower circulating levels of testos-
terone compared to reference males (Fig. 4).
In the measurement ofthe reproductive
steroid hormones E2 and testosterone, the
total number ofsamples analyzed is differ-
ent from the number offish collected from
each site. This is due to an insufficient vol-
ume ofplasma collected.
For the presence ofVtg in the blood, no
statistical difference was observed in female
(p<0.30) or male LMB (p<0.23) between
sites. Twelve of 27 contaminated females
compared to 8 of 12 reference females had
detectable concentrations of circulating
Vtg. Even though there was no statistical
difference in the presence ofVtg in males
between sites, it is important to note that 3
of 17 males from the contaminated site had
detectable concentrations of plasma Vtg.
Conversely, no males out ofa sample size of
14 from the reference site were measurably
vitellogenic (Figs. 5 and 6).
Discussion
The results of this study show an increase
in liver size, decrease in plasma testosterone
concentration, and the presence of Vtg in
the plasma of some of the males from the
Escambia River. There was no difference in
liver size, plasma testosterone concentra-
tion, and the presence of Vtg in females.
Also, there was no difference in plasma E2
in either females or males between sites.
When comparing the reproductive phys-
iology of adult fish from two sites, it is
important to know that they are at the same
reproductive stage. Every end point mea-
sured in this study, including liver size,
reproductive steroid hormones, and vitel-
logenin, varies with the stage ofreproduction
(28-30). The design ofthis study accounted
for this concern, as all fish were collected
within a 10-day period. To further test the
assumption that all fish exhibited a similar
reproductive stage, we examined their GSI.
The GSI has been shown to be a reasonably
good indicator of reproductive maturity
(31,32). The GSI of both female and male
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Figure 2. Hepatosomatic index of largemouth
bass collected from the Blackwater (reference)
and Escambia (contaminated) Rivers. Values are
means ± standard errors; n is shown within each
bar.
*Significant difference (p<0.05).
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Figure 3. Concentration of plasma estradiol in
largemouth bass collected from the Blackwater
(reference) and Escambia (contaminated) Rivers.
Values are means ± standard error; n is shown
within each bar.
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Figure 4. Concentration of plasma testosterone in
largemouth bass collected from the Blackwater
(reference) and Escambia (contaminated) Rivers.
Values are means ± standard error; n is shown
within each bar.
*Significant difference (p<0.05).
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Figure 5. Presence of plasma vitellogenin in large-
mouth bass collected from the Blackwater (refer-
ence) and Escambia (contaminated) Rivers shown as
the percentage of vitellogenic and nonvitellogenic
fish.The nforeach group isshown withinthe bar.
LMB were not significantly different
between sites, suggesting they were not at
different stages of reproductive maturity.
Limited histological examination of the
gonads supported this condusion. Therefore,
the reproductive physiology of LMB from
the two sites could be compared with confi-
dence.
HSI has been shown to be a good indi-
cator ofliver size in fish (33). Liver size of
female LMB did not differ between sites.
In contrast, liver size of males from the
Escambia River (contaminated site) were
significantly larger than the liver size of
males collected from the Blackwater River
(reference site). What could cause this
increase in liver size? We suggest two
hypotheses to explain these data.
First, Vtg production occurs in the liver
of oviparous and viviparous female fish
upon estrogen stimulation (34). Males,
however, can also produce Vtg when
exposed to natural estrogens such as E2, to a
synthetic estrogen in a lab setting, or by
exposure in their environment (35). This
production ofVtg causes an increase in the
size ofthe liver (33). In this study, Vtg was
expressed only in the males from the conta-
minated site. Even though there was no dif-
ference in the mean HSI of vitellogenic
males (0.800) compared to nonvitellogenic
males (0.830), perhaps the nonvitellogenic
males were induced, but producing Vtg at
concentrations below the assay sensitivity (5
pg/mI). Another possible hypothesis is that
the increase in liver size ofthe contaminat-
ed-site males was due in part to Vtg pro-
duction, but also to zona radiata protein
(ZRP) synthesis. ZRPs are inducible by nat-
ural and environmental estrogens such as
certain alkyl phenol ethoxylates. Because
both Vtg production (33) and hepatic
detoxification enzyme synthesis are known
202
Figure 6.Analysis ofplasma samples collected from Escambia River(contaminated site) largemouth bass.
Abbreviations: VF, vitellogenic female; NM, nonvitellogenic male; VM, vitellogenic male; MW, molecular
weight. (A) SDS-PAGE separation of plasma samples stained with Coomassie Brilliant Blue. (B) Western
blot of vitellogenin (-200 kDa) in the same samples using the monoclonal antibody HL 1080 (1C8-3C11).
MW markers correspond to 220 kDa (myosin), 97.4 kDa (phosphorylase b), 66 kDa (bovine serum albumin),
46 kDa (ovalbumin), and 30 kDa (carbonic anhydrase).
to increase liver size (17,37/), it seems rea-
sonable to expect that ZRP production
would also increase liver size.
There was no significant difference in
female liver size between sites. Because
female LMB from the contaminated site
were exposed to the same contaminants as
the males, one would expect a similar
increase in liver size due to stimulation of
Vtg and/or ZRP synthesis. This expectation
is not reflected in the data because vitel-
logenic female livers are greatly increased in
size due to stimulation from endogenous E2
(33). We hypothesize that further stimula-
tion by an environmental contaminant
would produce a relatively smaller change
in size that would be difficult to discern in
the already stimulated liver.
Second, when fish are exposed to toxic
substances, these substances must be
removed from circulation to reduce cell
damage (38). The liver is the main site of
detoxification, and the presence of certain
contaminants in the blood stimulates the
synthesis ofhepatic detoxification enzymes.
In hepatocytes, enzymes are produced that
conjugate the toxin with a glucuronide or a
sulfate group. These groups make com-
pounds such as organochlorines more
hydrophilic and, consequently, more readi-
ly cleared by the kidneys (39). Another
route for removal of contaminants is via
bilary excretion through the digestive tract.
Livers that are stimulated and actively pro-
ducing these enzymes are known to
increase in size (17,34).
Although the difference in male liver
size could be a function of the increase in
the production of hepatic detoxification
enzymes, how can there be no significant
difference in female liver size between sites?
Again, we suggest the relative increase in
the female liver size, due to an increase in
enzyme production, is small compared to
the size increase associated with active vitel-
logenesis in the female.
Is there a relationship between the
increase in liver size (possibly due to stimu-
lation of hepatic detoxification enzyme
synthesis and vitellogenesis) in the contam-
inated-site males and the decrease in plas-
ma concentration of testosterone? Some
hepatic detoxification enzymes belong to
the P450 superfamily. Induded in this fam-
ily are some of the conversion enzymes of
the steroidogenic pathway (for example, the
P450 side-chain cleavage enzyme, which
converts cholesterol to pregnenolone).
Some studies have shown an increase in
detoxifying enzyme production with a con-
comitant decrease in specific steroid hor-
mones (9,17,18).
Our steroid hormone data demonstrat-
ed that males from the contaminated site
had lower plasma testosterone concentra-
tions. Plasma testosterone concentrations
in females were not significantly different
between sites. Although we cannot state
definitively, the trend in the data suggests
that with a larger sample size, the relation-
ship in plasma testosterone concentrations
in females between the two sites might be
similar to that observed in the male LMB.
Alteration in the normal hormonal pro-
file of fish can be caused by contaminants
interactingwith the endocrine system at one
or more places in the hypothalamic-pitu-
itary-gonadal (H-P-G) axis (40). For exam-
ple, a contaminant could decrease plasma
testosterone by providing negative feedback
to the pituitary, thereby decreasing the
release ofgonadotropins. Similar negative
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feedback could occur at the level of the
gonad (41). Phytoestrogens, such as ,-sitos-
terol found in paper mill effluent, can
decrease the plasma concentrations oftestos-
terone by reducing the availability ofcholes-
terol or its conversion to pregnenolone (42).
Compounds such as HAHs found in paper
mill effluent, polynuclear aromatic hydro-
carbons (PAHs) produced bythe burning of
fossil fuels, or alkyl phenol ethoxylates, com-
monly associated with many manufacturing
processes, have been shown to disrupt the
endocrine system. These contaminants can
induce vitellogenesis, provide negative feed-
back to reduce steroidogenesis, or cause an
increase in hepatic enzymes known to
degrade steroids and detoxify contaminants
(43-45).
There was no significant difference
between sites in the proportion offemales or
males producing Vtg. However, such large
amounts ofplasmavitellogen is an abnormal
condition in males (35,46). Some studies
have shown very low concentrations ofVtg
in male fish (47). However, the results of
these studies are suspect, because in each of
these studies, the fish were kept in water of
questionable quality (river water, which at
the time ofthese studies, was not known to
contain endocrine-disrupting chemicals). It
is important to recognize that the presence
ofVtg in three males occurred only in LMB
from the Escambia River. These males had
Vtg bands that were similar in density and
thickness to thevitellogenic females (Fig. 6).
We found no vitellogenic males from the
Blackwater River. Although the exact source
could not be determined here, this research
suggests the presence of a xenoestrogen in
the Escambia River.
There is a growing concern with the
realization that environmental contami-
nants ofhuman origin can alter the repro-
ductive physiology offish and other verte-
brates, as well as invertebrates, in ways pre-
viously undocumented. This alteration is
caused by relatively low concentrations of
pollutants disrupting normal endocrine
system function. Previous endocrine dis-
ruption research in fish has shown a range
of effects such as decreased egg size and
sperm motility, reduced embryo/fry viabili-
ty, modified hormone profiles, and altered
reproductive behavior (2).
In this study, we asked whether we
could measure a difference in the reproduc-
tive physiology of fish living in a polluted
river and a reference river. To our knowl-
edge, this is the first study to demonstrate
endocrine disruption in a wild, native
gamefish exposed to industrial effluent in
the state ofFlorida. This research is impor-
tant in that it shows a measurable alteration
in several parameters in the reproductive
physiology ofthe largemouth bass collected
from the Escambia River.
Future studies should investigate the
source ofthe xenoestrogen(s) and probe the
mechanism(s) effecting the decrease in cir-
culating testosterone. Itwould be interesting
to examine both steroid hormone metabo-
lism and detoxification enzyme activity (e.g.,
ethoxyresorufin-o-deethylase; EROD) in the
livers ofLMB from both sites.
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